A 77-day feeding trial was designed in order to assess the effect of partial or total replacement of soybean meal by hazelnut meal (HNM) on feed intake, growth performance, nutrient utilization and body composition of rainbow trout (initial mean body weight: 80.0±3.5 g) in seawater conditions. A control and three experimental diets were formulated in which soybean meal level (25.5%) in the control diet was replaced by hazelnut meal at 39.2 (HN 39), 78.4 (HN 78) and 100% (HN 100) to provide 44% crude protein and 20% crude lipid diets. Diets were fed to 125 rainbow trout to apparent satiation by hand twice daily at 09.00 and 16.00 hours under natural photoperiod conditions. At the end of the feeding trial, fish of all groups almost tripled their body weight and no significant difference (P>0.05) was revealed in final weight or specific growth rate between treatments. However, feed conversion ratio (FCR) of the HN100 group was significantly higher than other treatments (P<0.05). There was a slightly decreasing trend in protein efficiency ratio (PER) and net protein utilization (NPU) with increasing level of dietary hazelnut meal, but it was only significant in groups of fish fed HN100. All groups of fish displayed similar carcass and muscle compositions. According to the results of the present study, it can be stated that hazelnut meal can replace soybean meal at up to 200 g kg -1 in grow-out diets of rainbow trout without any detrimental effects on growth performance. 
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Introduction
Fish meal is a quite expensive ingredient but still essential for commercial diets of aquaculture fish species because of its high protein content and well-balanced amino acid profile, a good source of essential fatty acids (EFA), minerals and vitamins (Gatlin et al., 2007) . Alternative protein sources have been studied intensively during the last few decades due to shortages in fish meal supplies and consistent increases in prices. In the last decade, soy proteins have been one of the most utilized alternative non-animal protein sources to fish meal in diets of many aquaculture species because of its high protein content, reasonably good amino acid profiles, moderate price, and steady supply compared to fish meal among the various plant sources (Hertrampf and Piedad-Pascual, 2000) . Several studies have presented that soybean meal alone or in mix with other plant and animal protein sources can replace fishmeal protein in diets for many fish species, such as rainbow trout (Heikkinen et al,. 2006; Barrows et al., 2007) , gilthead sea bream (Venou et al., 2006) , European sea bass (Tibaldi et al., 2006) . On the other hand, the use of soybean products in aquafeed, especially in carnivorous fish species, still presents limitations due to the presence of anti-nutritional factors (Francis et al., 2001) , limiting essential amino acids such as methionine and lysine (Vielma et al., 2004) and of course an increase in the market price globally.
Rainbow trout, Oncorhychus mykiss is presently one of the most important fish species reared in Turkey due to its rapid growth, efficient feed conversion and increasing consumer demand. In trout rearing, feed costs represent between 50 to 60% of the total production costs. Global rainbow trout production increased in recent times from 427,329 in 1997 427,329 in to 486,928 metric tonnes in 2005 427,329 in , respectively (FAO, 2006 . However, the major obstacle to its culture is inadequate feedstuff to meet its dietary requirement in different culture systems, especially fresh water and marine environment (Krogdahl et al., 2004) .
The common hazelnut, Corylus avellana is a popular nut that is fast gaining popularity all over the world. Turkey is the world's largest producer of hazelnuts, contributing 74% to the total global production (FAOSTAT, 2007) . Hazelnuts are rich in protein and unsaturated fat, and they con-tain significant amounts of thiamine and pyridoxine. HNM could be an alternative to soybean meal in aquaculture feeds and has been marketed instead of soybean meal. Bilgin et al. (2007) and Buyukcapar and Kamalak (2007) have shown that soybean meal can be partially or totally replaced by hazelnut meal in rainbow trout diets reared in freshwater and in carps, respectively. To our knowledge, the inclusion of hazelnut meal in the diet of rainbow trout reared in seawater has not been studied previously. The aim of this study, therefore, is to evaluate the effects of substituting soybean meal (SBM) with HNM in commercial diets on growth performance, nutrient utilization and carcass-muscle compositions of O. mykiss reared in seawater.
Material and methods
Fish and net cage facilities
The feeding trial was carried out in the Net Cage Unit of the Faculty of Fisheries, Onsekiz Mart University (Çanakkale, Turkey). Rainbow trout were purchased from a local trout farm (Çanakkale, Turkey). After transportation, the fish were fed by hand to satiation with a commercial trout feed (Biomar) (crude protein: 40%, crude lipid: 18% as fed) in experimental net cages, and acclimatized until the beginning of the feeding trial. A total of 2000 rainbow trout (80.0±3.5 g initial mean body weight) were randomly distributed into each of 8 experimental net cages (diameter: 2 m, depth. 2.5 m) with duplicate cages per diet. The fish were fed close to apparent satiation by hand twice daily. Water temperature was measured daily (09:00) and other water quality parameters weekly.
Experimental diets
The experimental diets were formulated to meet all known nutritional requirements of rainbow trout (Hardy, 2002) . crude lipid (dry matter), were prepared at a commercial feed plant (Bagci Gida ve Yem San. Tic. Ltd., Aydın/Turkey). Anchovy fish meal, soybean meal and hazelnut meal were the main protein sources. Chemical compositions of protein sources used in this study are presented in Table 1 . Formulation and chemical composition of the experimental diets are presented in Table 2 . Experimental diets were formulated by replacing soybean meal (SBM) with HNM at levels of 39.2%, 78.4% or 100%, respectively.
Sampling and chemical analysis
At the beginning of the feeding trial, a pooled sample of 10 fish was collected to be used as an initial carcass and muscle sample. At the end of the feeding trial, 6 (six) fish were sampled from each cage and frozen at -25ºC for the subsequent whole-body and muscle proximate analysis. Following the feeding trial, all fish were counted and weighed after 24 hours of starvation and then 6 fish from each net cage were with- drawn and stored at -20°C until the determination of whole-body and muscle proximate composition. Dried samples of the feed and fish were ground into fine powder with a laboratory mill. Dry matter, crude protein, lipid, fibre and ash contents of the feed and fish were analyzed using standard methods as described in AOAC (2000). Nitrogen-free extract (NFE) was computed by taking the sum values for crude protein, lipid, ash, crude fibre, and moisture and then subtracting this from 100. Gross energy in diets was calculated using the conversion factors of 23.7 kJ g for protein, 39.5 kJ g for lipid and 17.2 kJ g for carbohydrate, respectively (Brett and Groves, 1979) .
Evaluation of fish performance
Feed efficiency and fish nutrient utilisation were calculated according to the formulae given below: Net Energy Utilisation (NEU) (%)=[(final body energy-initial body energy)/dietary energy consumption (g)]×100
Condition Factor (CF) (%)=(fish weight (g)/(fish length) 3 (cm))×100
Statistical analysis
All data were analyzed using Statgraphics 7.0 (Manugistics Incorporated, Rockville, M. D., USA) for statistical significance (P<0.05) by ANOVA (Zar, 2001 ). Individual differenc- Tekinay et al. (2003) and Güroy et al. (2006) .
Results
Water temperature, dissolved oxygen, pH and salinity during the experimental period varied between 10.0 and 16.1ºC; 8.3 and 9.7 mg l -1 ; 7.4 and 8.1; and 23.6 and 27.1‰, respectively.
Feed intake data, growth performance and nutrient utilization are presented in Table 3 . All diets were readily consumed by experimental fish throughout the feeding trial. Fish fed diet HN100 group displayed (P<0.05) the highest feed intake (FI), whereas FI of other groups were similar (P>0.05). The growth performance at 77 days showed no marked differences in the final body weight and specific growth rate (SGR) among all the experimental groups (P>0.05). Feed conversion ratio (FCR) ranged from 0.77 to 0.88 (Table 3) with an increasing trend corresponding to levels of dietary HNM substitutions. Protein efficiency ratio (PER) values ranged from 2.58 (HN 100) to 2.96 (HN 39) and it demonstrated a decreasing trend with increasing level of dietary hazelnut meal (Table 3 ). There was no difference between PER of control and HN39 groups (P>0.05), but PER of HN100 was significantly lower than other treatments (P<0.05). Similar to PER, net protein (NPU) and energy utilization (NEU) of fish decreased significantly (P<0.05) as dietary hazelnut meal increased. Condition factor of fish showed similar patterns (P>0.05). Carcass and muscle compositions of rainbow trout were not affected by dietary treatments (P>0.05) ( Table 4) .
Discussion
The objective of this study was to investigate the partial or total replacement of soybean meal by hazelnut meal in rainbow trout diets at grow-out stage in seawater Table 3 Growth performance, nutrient utilization and condition factor of rainbow trout fed with the experimental diets. conditions. Results obtained from this investigation revealed that hazelnut meal could be incorporated into diets formulated for rainbow trout at up to 30% by total replacement of soybean meal in grow-out feed. Only a few studies have reported that hazelnut meal could partially replace fish meal or soybean meal without detrimental effects on growth performance in European sea bass (Emre et al., 2008), carp (Buyukcapar and Kamalak, 2007) and rainbow trout (Bilgin et al., 2007) . Trout of all groups in this investigation almost tripled their body weight and no significant difference (P>0.05) was revealed in final weight or specific growth rate between treatments. The growth performance of the fish in this study was in line with a previous study carried out in the same facility using approximately same size of rainbow trout (Tekinay et al., 2009) .
Control
Replacement of soybean meal by 78% of HNM did not cause any adverse effect on FCR. However, total replacement of soybean meal with hazelnut meal resulted in significantly lower FCR when compared to the other experimental diets (P<0.05). The altered feed efficiency in fish fed the diet with high levels of hazelnut meal has also been reported by Buyukcapar and Kamalak (2007) who evaluated the effects of replacement of fish meal and soybean meal proteins with hazelnut meal protein in the diets of mirror carp fingerlings. They suggested that hazelnut meal could be incorporated into the diet at 35% and 40%, however, dietary inclusion of HNM above these levels caused reduction in feed utilization. On the other hand, Emre et al. (2008) declared that European sea bass (Dicentrarchus labrax) fed diets including varying levels of HNM displayed similar FCR to the control group fed the fish meal-based diet.
Trouts fed diets with high inclusion (30% of the diet) of hazelnut meal showed a higher feed intake. Feed intake of fish can be influenced by digestible energy density, palatability, nutrient digestibility and deficiencies in amino acids of formulated diets (Houlihan et al., 2001) . Increased feed intake can be attributed to high palatability of hazelnut meal, whereas suppressed feed One of the most common problems when plant protein products are used can sometimes be acceptability due to the low palatability of the diets (Burel et al., 1998; Glencross et al., 2007) . In the present experiment, feed consumption has been carefully monitored every day and no palatability problem was encountered in any treatments. Similar results have been reported by Bilgin et al. (2007) , Ergun et al. (2008) and Emre et al. (2008) in rainbow trout, black sea turbot (Scophthalmus maeoticus) and sea bass, respectively.
Proximate composition of whole body and muscle (moisture, protein, lipid and ash) of rainbow trout were not affected by the inclusion level of hazelnut meal. These results are in agreement with the findings of Emre et al. (2008) in the European sea bass. However, body protein, lipid and ash were influenced by dietary hazelnut meal levels in rainbow trout reared in freshwater (Bilgin et al., 2007) . Buyukcapar and Kamalak (2007) reported a reduction in carcass lipids in mirror carp fed diets containing various levels of hazelnut meal.
Conclusions
In conclusion, it can be suggested that hazelnut meal can partially substitute soybean meal in the diet of rainbow trout without any detrimental effect on growth performance. Formulated diets including up to 10-20% of HNM were palatable and readily consumed by fish in seawater environment. Growth performances of all experimental groups were quite similar irrespective of the inclusion level of HNM. Only FCR related to feed intake increase should be taken in to consideration when HNM inclusion levels in the diets exceed 20%. 
